Several intralesional therapeutic protocols have been proposed for the treatment of Peyronie's disease. Among all, hyaluronic acid (HA) and verapamil have been differently tested. We aimed to evaluate the efficacy of intralesional verapamil (ILVI) compared with intralesional HA in patients with early onset of Peyronie's disease (PD). This is a multi-centre prospective double-arm, randomized, double-blinded study comparing ILVI vs. intralesional HA after 12-weeks. Sexually active men, older than 18 years and affected by the acute phase of PD were eligible for this study. Patients have been double-blinded randomly divided into two groups (1 : 1 ratio): Group A received intralesional treatment with Verapamil (10 mg in 5 mL of normal saline water) weekly for 12 weeks, while group B received intralesional treatment with HA (0.8% highly purified sodium salt HA 16 mg/2 mL) weekly for 12 weeks. The primary efficacy outcome was the change from the baseline to the endpoint (12 weeks after therapy) for the penile curvature (degree). The secondary outcome was the change in the plaque size and in the International Index of erectile Function (IIEF-5) score. The difference between post-and pre-treatment plaque size was À1.36 mm (SD AE 1.27) for Group A and À1.80 mm (SD AE 2.47) for Group B (p-value = NS). IIEF-5 increased of 1.46 points (SD AE 2.18) in Group A and 1.78 (SD AE 2.48) in Group B (p-value AE NS). No difference in penile curvature was observed in Group A, while in Group B the penile curvature decreased of 4.60°(SD AE 5.63) from the baseline (p < 0.001) and vs. Group A. According to PGI-I results, we found significant difference as concerning patient global impression of improvement (PGI-I) (4.0 vs. 2.0; p < 0.05). This prospective, double-arm, randomized, double-blinded study comparing ILVI vs. HA as intralesional therapy showed greater efficacy of HA in terms of penile curvature and PGI-I.
INTRODUCTION
Peyronie's disease (PD) is an acquired fibrotic disorder of unknown pathophysiology, characterized by the deposition of collagen and fibrin in the form of plaque on the tunica albuginea of the penis, resulting in penile deformity, penile pain, erectile dysfunction and distress (Brock et al., 1997) with a significant negative impact on patients quality of life. The efficacy of medical management of PD is difficult to determine because of the lack of proper studies. These therapeutic options include: oral treatment (potassium para-aminobenzoate, Potaba), vitamin E, colchicine, tamoxifen, carnitine, pentoxifylline, phosphodiesterase type 5 inhibitors); intralesional treatment [steroids, verapamil, collagenase Gelbard et al., 2013; Favilla et al., 2014; Levine et al., 2015; Nehra et al., 2015) . However, these compounds have been found to produce the potential occurrence of mild to severe adverse events, including penile ecchymosis, swelling, pain, and corporal rupture with collagenase; in addition, therapy with collagenase is limited by the high cost of the compound (Nehra et al., 2015) . For this reason, the intralesional therapy with verapamil, for reduced side effects and lower costs, remains the most widely used especially in Europe. For this reason novel intralesional agents are strongly needed with better benefit-risk profile. Recent prospective, multicenter, pilot study assessing the efficacy of hyaluronic acid (HA) as intralesional treatment for patients with PD showed encouraging preliminary results for improvement of plaque size, penile curvature, and overall sexual satisfaction (Zucchi et al., 2016) and similar results are reported in other study (Gennaro et al., 2015) . Hyaluronic acid is an extracellular matrix glycosaminoglycan that at physiological pH is highly polarized and maintains hydration, turgor, plasticity and viscosity in the amorphous connective tissue matrix. It also have an antioxidant and anti-inflammatory effect, well defined in osteoarthritis where it decreases oxygen-free radicals in the synovial fluid, inhibits apoptosis, promotes cell survival and decreases concentrations of inflammatory proteins (Yu et al., 2014) . Blocking the effects of substances that generate inflammation and oxidative stress, HA is also efficacious in decreasing scar formation and for this reason it is used widely in numerous medical applications, including cosmetic and orthopaedics surgery (Yu et al., 2014) . Although the efficacy of intralesional HA has been evaluated in two prospective studies, however there are no comparative data with intralesional verapamil, considered one of the standard treatments of PD.
Aim
The aim of this study was to evaluate the efficacy and tolerability of intralesional verapamil (ILVI) compared with intralesional HA in patients with early onset of PD.
MATERIALS AND METHODS
This is a multi-centre prospective double-arm, randomized, double-blinded study comparing ILVI injection vs. intralesional HA injection after 12-weeks of follow-up.
Patients were enrolled from 11 Italian andrology centres and pre-treatment clinical evaluations were carried out by urologists experienced with PD management. Sexually active men International Index of erectile Function (IIEF-5 > 11) older than 18 years and affected by the acute phase of PD were eligible for this study. Study criteria included patients with acute inflammatory phase of the disease with duration of the disease <12 months associated with a soft nodule or plaque and/or painful erection and/or a recent change in penile curvature. Exclusion criteria were: patients at the chronic or fibrotic stage of PD, previous medical, surgical and EWST treatment for PD, calcified plaques or hourglass deformity as defined at duplex Doppler ultrasonography, severe concomitant ED (IIEF score <7), any medical treatment for ED before or during the study, severe penile curvature incompatible with sexual intercourse.
Pre-treatment workup
All patients underwent Duplex Doppler ultrasonography in the basal condition and after the induction of penile erection with the assistance of an intracavernous injection of alprostadil 10 lg/mL. Repeat dosing was administered to a maximum of 20 lg/mL until full erectile rigidity was achieved. All procedures were performed by the same experienced operator at each centre. Plaque size was measured according to the longest diameter (mm) and plaque position was assessed as follow: proximal, medial, distal or septum. The degree of penile curvature was evaluated during a full erection using a goniometer protractor. Bending side was described as dorsal, right-dorsal, left-dorsal, left-lateral, right-lateral, ventral.
After preliminary evaluation for eligibility (including medical and sexual history, physical examination, and self-administration of IIEF-5 questionnaires) enrolled patients have been double-blinded randomly divided in two groups (according to a computer-generated random sequence with a 1 : 1 ratio): Group A received intralesional treatment with Verapamil (10 mg in 5 mL of normal saline water) weekly for 12 weeks, while group B received intralesional treatment with HA (0.8% highly purified sodium salt HA 16 mg/2 mL; Sinovial, IBSA, Lodi, Italy) weekly for 12 weeks. Before treatment, all the patients underwent local anesthesia (dorsal nerve penile block) by 1% plain lidocaine injection at the base of the penis. Intralesional injections with Verapamil or HA were delivered into the plaque in the tunica albuginea avoiding dorsal vein or urethra puncture using a 21-gauge needle. Treatment was administered weekly for 12 weeks. Adverse events were monitored on the light of Common Terminology Criteria for Adverse Events (CTCAE) guidelines.
Main outcomes measures
The primary efficacy outcome was the change from the baseline to the endpoint (12 weeks after therapy) for the penile curvature (degree). The secondary outcome was the change of plaque size (mm) and of the IIEF-5 score. All patients provided written informed consent in accordance with the Declaration of Helsinki, and the Human Ethics Committee approved the study protocol (ethics committee of Catania University, Catania, Italy).
Twelve weeks after the end of therapy, penile curvature and plaque size were re-evaluated with Duplex Doppler ultrasonography as described earlier and IIEF-5 was administrated again. The results were compared with the pre-treatment values and between the two groups. The Patient Global Impression of Improvement (PGI-I) questionnaire was used to ask the patient to describe the changes from the baseline after treatment (Viktrup et al., 2012) . Answers was given on a seven-point scale (1 = a lot better, 2 = much better, 3 = a little better, 4 = no change, 5 = a little worse, 6 = much worse, 7 = a lot worse).
Statistical analysis
The study sample of 140 was powered for an approximately 0.5-point difference in the reduction in plaque size using a twosided type I error = 0.05 and type II error = 0.1 (90% power), requiring 60 patients per group. The maximum sample size was set to 70 subjects per group, allowing for a 15% drop-out rate.
Changes from baseline to end of therapy in plaque size, penile curvature and IIEF-5 score were analysed using ranked one-way analysis of variance (ANOVA) with a term for treatment group. Treatment group differences in primary and secondary end points were determined using post hoc analysis. Data were reported as means AE standard deviation (SD) or median, and nominal p-values were presented. Multivariate logistic 772 Andrology, 2017, 5, 771-775 regression analysis has been conducted to verify significant predictors of 10°of reduction in penile curvature after treatment. All tests were completed using IBM SPSS Statistics ver. 20.0 (IBM Co., Armonk, NY, USA) and for all statistical comparisons significance was considered as p < 0.01.
RESULTS
Overall, 201 patients with acute phase of PD were screened. All patients described the onset of PD as pain, tension, or 'tingling' during erection, curvature, and/or erectile dysfunction and had at least one palpable plaque on the shaft at physical examination. Of these, 140 patients met the inclusion criteria and were randomly divided in two treatment groups: Group A received intralesional Verapamil, while Group B received intralesional HA. 132 patients completed the treatment cycle (69 in Group A and 63 in Group B) and attended the follow-up visit (12 weeks after the end of therapy) with seven patients lost at follow-up (Fig. 1) . Table 2 lists the results after treatment expressed as mean difference AE SD. The difference between post-and pre-treatment plaque size was À1.36 mm (SD AE 1.27) for Group A and À1.80 mm (SD AE 2.47) for Group B (pvalue = NS between groups). IIEF-5 increased of 1.46 points (SD AE 2.18) in Group A and 1.78 (SD AE 2.48) in Group B (pvalue = NS between groups). The changes after treatment in plaque size and IIEF-5 were statistically significant in both groups (p < 0.001). PGI-I was 3.53 (SD AE 0.57) for Group A and 3.13 (SD AE 1.535) for Group B. No difference in penile curvature was observed in Group A, while in Group B the penile curvature decreased of 4.60°(SD AE 5.63) from the baseline (p < 0.001) and vs. Group A (p < 0.001). According to PGI-I results, we found significant difference as concerning PGI-I (4.0 vs. 2.0; p < 0.05). At the multivariate logistic regression analsyis, adjuated for comorbidities, age and characteristics at baseline, intralesional treatment with HA was associated with decrease in 10 degree of curvature [OR = 6.8 (95% CI 1.5-9.7); p < 0.05]. No injection-site ecchymosis or hematomas were observed. No local or systemic drug reactions were noted.
DISCUSSION
Peyronie's disease has been treated with some success by intralesional injection of different drugs, particularly when patients are in the early, painful, progressive stages, do not have calcified plaques and have a short case history. Intralesional injections of verapamil was introduced by Levine et al. (1994) , this calcium antagonist, reducing calcium-dependent collagen transport and collagenase activities, seems to have the capacity to slow, prevent, or even reverse plaque formation and the progression of PD (Levine & Estrada, 2002) . Since then, studies have assessed the efficacy of ILVI for PD but have yielded mixed results (Levine, 1997; Shirazi et al., 2009) . While initial reports showed significant improvements in curvature (Levine et al., 1994) , later studies failed to display similar significant outcomes (Rehman et al., 1998) . Intralesional treatment with Verapamil has been investigated as part of multimodal therapies for the management of PD. In a recent prospective randomized controlled trial, an additional benefit in terms of pain resolution and improvement in sexual function was observed when verapamil was offered with an oral anti-oxidant, compared to intralesional verapamil alone (Favilla et al., 2014) . The association of intralesional verapamil and tadalafil showed better pain control while reducing penile curvature and erectile function, improving the quality of life, in a prospective randomized study (Dell'Atti, 2015) . In a not-randomized study (Bennett et al., 2007) 94 patients were treated with six intralesional verapamil injections on alternating weeks. Penile pain was alleviated in all patients and 18% showed decreased curvature. However, a randomized, single-blinded, placebo-controlled trial comparing intralesional Verapamil with saline showed no significant difference or improvement in penile curvature, pain, plaque features, or sexual function (Shirazi et al., 2009) . Major flaws have been highlighted in all verapamil trials, including a lack of standardized measurement tools, a lack of pain assessment, short follow-up periods, and small sample sizes (Mitropoulos et al., 2012) . Furthermore, In a small-sample, randomized, controlled trial, no differences were found between the placebo and verapamil groups regarding penile pain, plaque size, or penile curvature (Shirazi et al., 2009) . Because of a lack of systematic evidence, the role of ILIV in PD has not yet been adequately defined (Hatzimouratidis et al., 2012) . In December 2013 collagenase clostridium histolyticum (CCh/Xiaflex) was approved by the US Food and Drug Administration (FDA) for treatment of Peyronie's disease. Currently, Xiaflex it is the only drug available for treatment of Peyronie's disease (Gelbard et al., 2013) . However, this compound has been found to produce the potential occurrence of mild to severe adverse events, including penile ecchymosis, swelling, pain, and corporal rupture (Gelbard et al., 2013) . In addition, therapy with collagenase is limited by the high cost. Based on currently available scientific evidence, the intralesional agent presenting the optimal benefit-risk ratio is far from determined, and further research of novel intralesional agents is strongly needed. Hyaluronic acid is the predominant glycosaminoglycan (GAG) in 'amorphous ground substance' of connective tissue. It consists of glucuronic acid and N-acetylglucosamine, held together by b-glycosidic bonds. HA is present at high concentrations in the tunica albuginea and controls the distribution of nutrients in the connective tissue as a result of its hydrating action. Furthermore, HA counteracts the effect of inflammatory cytokines (Karna et al., 2006) . In cosmetic and orthopedics surgery, HA has been shown to be efficacious in decreasing scar formation and blocking the effects of substances that generate inflammation and oxidative stress (Takahashi et al., 2000) . Intralesional treatment with HA decreased plaqued size and penile curvature and improved IIEF in a prospective, single arm, self-controlled, interventional, multicentre pilot study on 65 patients (Zucchi et al., 2016) . Similar results were reported by another study including 83 patients who underwent treatment with HA vs. 81 patients in the control group (Gennaro et al., 2015) . At 12 month follow up all treated patients experienced three statistically significant outcomes: reduction in plaque size, improvement in penile curvature and IIEF. Furthermore, the improvements remained substantially stable at 24 months follow up. Although the latter is a case-control study, however, there are no comparative data with intralesional verapamil, considered one of the standard treatments of acute phase of PD. Currently this is the first study comparing intralesional Verapamil with intralesional HA. The results of our study showed that HA as intralesional therapy exhibited greater efficacy in terms of penile curvature and patient satisfaction compared to ILVI. Although HA is more expensive than verapamil (25 € vs. 3 €), compared with other intralesional therapy, the cost of HA is certainly lower than that of collagenase and compared to the latter treatment, the use of intralesional HA as well as observed with intralesional verapamil, it's characterized by the absence of significant side effects and good level of patients compliance. For these reasons, intralesional HA could represent a new therapeutic strategy to treating acute phase of PD. Nevertheless, the limitations to this study must be considered when interpreting the results. First, the lack of a controlled group treated with placebo and the short follow-up (12 weeks) could have limited interpretation of data. Second, the study was not designed as non-inferiority trial. Finally, the inter variability among measurement of plaque size in the 11 centres could have represented a bias. Further prospective, randomized, placebocontrolled studies with larger patient cohorts stratified by disease stage are sorely needed to establish the real impact of intralesional therapeutic option for early-stage PD, other than confirming the high treatment tolerability.
CONCLUSION
This prospective, double-arm, randomized, double-blinded study showed greater efficacy of HA in terms of penile curvature and patients satisfaction compared to ILVI. Although plaque size and overall sexual satisfaction improved with both therapies, better outcomes were observed in patients treated with HA. In this group of patients, a decrease in penile curvature was also described. Hyaluronic acid seams more advisable also because it has a lower risk of adverse effects compared to the other molecules used 'off-label' for intralesional therapy. The best intralesional treatment for patients with PD has not been detected yet and more studies are needed even to test combination therapies.
